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Abstract: A study was conducted to detennine the fitting soil moisture for the nonnal growth of two-year-old W. sinensis (Sims) Sweets by 
using gas exchange technique. Remarkable threshold values of net photosynthetic rate (P„), transpiration rate (T r ) and water use efficiency 
(WUE) were observed in the W. sinensis leaves treated by various soil moisture and photosynthetic available radiation (PAR). The fitting 
soil moisture for maintaining a high level of P„ and WUE was in range of 15.3%—26.5% of volumetric water content (VWC), of which the 
optimal VWC was 23.3%. Under the condition of fitting soil moisture, the light saturation point of leaves occurred at above 800pmol-m" 2 -s 4 , 
whereas under the condition of water deficiency (VWC, 11.9% and 8.2%) or oversaturation (VWC, 26.5%), the light saturation point was 
below 400pmol m 2 -s 4 . Moreover, the light response curves suggested that a special point of PAR occurred with the increase in PAR. This 
special point was considered as the fuming point that indicated the functional transition from stomatal limitation to non-stomatal limitation. 
The turning point was about 600, 1000, 1000 and 400 pmol-nr-s* 1 , respectively, at VWC of 28.4%, 15.3%, 11.9% and 8.2% . In conclusion, 
W. sinensis had higher adaptive ability to water stress by regulating itself physiological function. 
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Introduction 

In recent years, the vegetation restoration and reconstruction 
have become an ecological focus, because of the deterioration of 
global ecological environment, such as soil and water erosion, 
biodiversity loss and global wanning etc. Light and soil water 
content are important ecological factors influencing plant growth 
and distribution (Cai et al. 2004; Cai et al. 2005; Mitton et al. 
1998; Zhang et al. 2004). Light has become an outstanding en¬ 
vironmental factor with the decrease of ozonosphere (Huang et 
al. 2004; Xu et al. 2005; Zhang et al. 2004). Meanwhile the con¬ 
tradiction between water shortage and demand is becoming acute 
in barren mountain area (Cai et al. 2004; Honghton et al. 1996; 
Mitton et al. 1998; Xiong et al. 2005; Zeng et al. 2000). There¬ 
fore, how the vegetation adapt to soil drought and light stress, 
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caused by global climate change, is one of the problems that 
people are concerning. Although many studies on the effects of 
ecological factors on the ecophysiological characteristics and 
space-time dynamics of crops and non-timber forest are currently 
available, knowledge of the physiological characteristics espe¬ 
cially photosynthetic responses to soil moisture is scant. By now, 
the researches on liana were mainly focused on its development 
and utilization (Li et al. 2002; Wu et al. 2004), such as garden 
greening, planting technique and officinal value etc., whereas the 
study on its ecophysiological characteristics was still at a very 
preliminary stage (Huang et al. 2004; Wang et al. 2004), espe¬ 
cially lacking the data of photosynthetic response in leaves of 
Wisteriav sinensis (Sims) Sweet to various soil moisture and 
light intensity. The aim of this study is to understand the photo¬ 
synthetic characteristics in the leaves of W. sinensis plants under 
different soil moisture conditions, which also provides theoreti¬ 
cal support for their use in revegetation of drought regions. Our 
objectives are to (1) investigate the effects of soil water deficits 
on net photosynthetic rate, transpiration rate and water use effi¬ 
ciency and (2) conform the range of fitting soil water keeping the 
leaves higher photosynthetic capacity and water use efficiency. 

Materials and methods 

General situation of investigation area 

The experiment was conducted in forestry experiment station, 
which is located in the southeast of Tai’an city (35°38'-36°33' N, 
116°02'-117°59' E). It belongs to warm temperate zone with a 
semi-humid and continental monsoon climate. The average pre¬ 
cipitation for multi-year is 741.8 mm, mainly focused on the 7 th 
to 9 th month. The annual average temperature is 12.9°C and the 
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wannest month is July. Frostless season is about 202 days. 
Brown soil and cinnamon soil are the main soil types. 

Materials and water treatment 

Eight pieces of two-year-old W. sinensis were used as experi¬ 
mental materials. The plants were potted in March, 2005 (the 
pots were buried chronically in the soil to make the same tem¬ 
perature). The soil water conservation and bulk density, meas¬ 
ured by a ring sample, was about 28.1% and 1.17 g/cm 3 , respec¬ 
tively. Two months later, the plants were irrigated daily to main¬ 
tain 28.4% VWC, and the first measurement was carried out. 
Then irrigation was withheld from the third day and the treat¬ 
ment was lasted for 14 days. The change of VWC was monitored 
with thetaprobe-MI2X soil moisture probe (AP System, USA). 
Photosynthetic parameters of the above leaves were measured at 
2 day intervals during the stress period, which were correspond¬ 
ing to VWC 26.5%, 23.3%, 20.9%, 18.4%, 15.3%, 11.9%, 8.2%, 
respectively. 

Observation of photosynthetic responses to light intensity 

Gas exchange measurements were made during the water stress 
period, every 2 days between 9:00 and 10:00 h. Every leaf was 
studied thrice, and then obtained the mean. Six leaves from each 
treatment were used to measure the net photosynthetic rate (P n ), 
transpiration rate (T r ), stomatal conductance (G s ) and internal 
CO 2 concentration (C;) using a portable photosynthetic system 
(CIRAS-2, PP System, UK). The photosynthetic light response 
curve was measured at a range of photosynthetic available radia¬ 
tion (PAR), which was changed every 120s in a sequence of 
1600, 1400, 1200, 1000, 800, 600, 400, 250, 200, 150, 100, 50 
and 20 pmol-m'^s' 1 . Leaf-chamber temperature was controlled 
under (25±0.5)°C. The following three ratios were calculated: 
water use efficiency ( WUE ) = PJT X (Nijs et al., 1997), stomatal 
limitation value ( L s ) =1-C/C a (C a means atmospheric CO 2 con¬ 
centration). 

Light saturation points (LSP) was calculated by light response 
curves of photosynthesis (P„-PAR curve). Light compensation 
points (LCP), dark respiration rate (Rj) and apparent photosyn¬ 
thetic quantum yield (<P) were calculated by carrying through 
linear regression to the beginning parts of response curves 
(PAR<200 pmol-m'V 1 ). 

Results and analyses 

Effect of soil moisture on net photosynthetic rate in leaves of W. 
sinensis 

The photosynthetic response to light intensity under various soil 
moistures was shown as Fig. 1. The leaves became light satu¬ 
rated above 800 pmol-m'^s' 1 in the range of 15.3%-23.3% VWC. 
But when VWC was out of this range of soil moisture, leaf LSP 
was below 400 pmol-m'^s’ 1 , of which leaf LSP was at the lowest 
value at the point of 8.2% VWC. The change of quantum yield 
exhibited a trend similar to photosynthetic rate, which plants at 
fitting soil moisture used light more efficiently than those at 
lower or higher soil moisture (Fig. 2). According to the P„-PAR 
response curves, remarkable difference in P n threshold was ob¬ 
served in the leaves treated by various soil moisture. The fitting 
soil moisture for the potted W. sinensis was about 15.3%-23.3%. 


It was also shown that <P was about 0.017-0.022, Rj and LCP was 
about 0.3-0.8 pmol-m'^s' 1 and 13-51 pmol-irA-s" 1 , respectively, 
when VWC was in the range of 15.3%-26.5%. 

Effect of various soil moisture on transpiration rate in leaves of 
W. sinensis 

As shown in Fig. 3, short-term PAR change had very little influ¬ 
ence on the T r . Remarkable difference in T r was observed in 
leaves treated by different soil moistures. At water deficiency or 
oversaturation, T r was limited below 1.0 mmofm'V 1 . The fit¬ 
ting soil moisture, keeping the leaves a high T r value was about 
20.9%-26.5% VWC. 
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Effects of various soil moisture on intercellular CCL concentra¬ 
tion, stomata limitation and water use efficiency in leaves of W. 
sinensis 

When VWC was about 18.4%-26.5%, parameters took on a sig¬ 
nificant decrease in Cj and increase in L s with the increase in 
PAR. According to the theory of Farquhar and Sharkey, stomatal 
limitation of photosynthesis occurs when G s and C; decrease and 
L s increases simultaneously. Therefore it was concluded from 
above results that stomatal limitation was the primary factor 
influencing P n in the leaves stressed. However, when VWC was 
out of the range (VWC>26.5% or VWC<18.4%), the response 
process of C; and L s were changed obviously, namely with the 
increase in PAR, C; increased and L s decreased gradually at ini¬ 
tial stage, whereas PAR was over a special point, C; decreased 
and L s increased. This special point was considered as the turn¬ 
ing point that indicated the functional transition from stomatal 
limitation to non-stomatal limitation. The turning point of PAR 
was different under various soil moisture, when VWC was about 
28.4%, 15.3%, 11.9% and 8.2%, respectively; the point was 
about 600, 1000, 1000 and 400 pmol-m ^s' 1 , respectively. It was 
inferred from this study that the turning point of PAR was lower 
under the unfitting soil moistures than that under the fitting con¬ 
dition. 

Leaf WUE was determined by the ratio of P„ and T r . Thus all 
the factors influencing leaf P„ or T r would change leaf WUE. 
When PAR was below 400 pmol-m'^s' 1 , WUE increased obvi¬ 
ously with the increase in PAR, otherwise, WUE changed lessly 
and maintained a high level in a wide range of light intensity. In 
the range of fitting soil moisture (VWC, 15.3%-26.5%), leaf 
WUE reached a high level, especially the optimal soil moisture 
(23.3%). When soil moisture was higher (VWC, 28.4%) or lower 
(VWC, 11.9%), leaf WUE still maintained a relatively higher 
level. It was suggested that there was a wide range of soil mois¬ 
ture to maintain the high WUE in leaves of W. sinensis Sweet. 

Conclusion and discussion 

The process of photosynthesis and transpiration was hypersensi¬ 
tive to the environmental change. The leaf photosynthetic re¬ 
sponse to environment provided the further insights to plant sur¬ 
vival and growth. The P n , T r and WUE in leaves of W. sinensis 
had the notable threshold value responding to the soil moisture 
levels and the variation of PAR. Results showed that the fitting 
soil moisture of the leaves was about 15.3%-26.5% (relative 
water content (RWC) was about 46.4%-80.3%). This range of 
soil moisture not only maintained leaf P n and WUE at high levels, 
but also restrained water consumption arising from transpiration. 
When VWC was below 11.9%, severe water stress and high light 
intensity usually led to the grievous damage to photosynthesis 
apparatus of the plants and the decrease of leaf P n and WUE (Fig. 
1 and Fig. 6). Thus the minimum soil moisture (VWC) was about 
11.9% (RWC was about 36.1%), which maintained W. sinensis 
nonnal growth. Previous study showed that not all plants had the 
same water requirements and the fitting soil moisture (VWC) 
was various among different plants. Usually the fitting soil 
moisture in agricultural crops was about 60%-80%, Goldspur 
apple tree 60%-71% (Zhang et al. 2004), Black Locust 48%-64%, 
Oriental Arborvitae 41%-52% ( Zhang et al. 2003; Zhang et al. 
2001). It is inferred from this study that W. sinensis had strong 


resistance to drought. 



Fig.4 Light responses of internal CO 2 concentration 
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Fig.5 Light responses of stomata limitation value 
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Fig.6 Light responses of water use efficiency 


Water stress influenced plant photosynthesis by stomatal 
regulation, or directly affected the photosynthetic ability of 
mesophyll cells (Castell et al. 1994; Mediavilla et al. 2004; 
Tuzet et al. 2003). In the course of water stress, all the respond¬ 
ing process of photosynthesis was divided into three phrases on a 
basis of stomatal limitation and non-stomatal limitation (Chen et 
al. 2004; Zou et al. 1998). Stomatal limitation mainly involved 
locomotion regulation of leaf guard cells, and non-stomatal limi¬ 
tation was correlated with the change of leaf histiocyte (Chen et 
al. 2004). The response of Ls and Ci to light intensity indicated 
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that non-stomatal limitation did not occur at the leaves treated by 
the fitting soil moisture, but when VWC was over 26.5% or be¬ 
low 18.4%, with the increase in PAR, the factor limited photo¬ 
synthesis was transferred gradually from stomatal limitation 
towards non-stomatal limitation, and light use efficiency and 
photosynthetic productivity decreased greatly. Results showed 
that the turning point of PAR was different in the leaves treated 
by various soil moistures (Fig. 4 and Fig. 5). 

Plant LCP and LSP reflected the vegetable photosynthetic re¬ 
quirement to light conditions, and embodied its ability to utilize 
high light and low light. The vegetation, possessing a low LCP 
and high LSP, usually had a strong adaptability to light stress, 
contrarily a low adaptability (Ke et al. 2004). It is also shown 
that in the range of fitting soil moisture, the LCP of W sinensis 
was about 13-51 pmol-m^-s' 1 (Fig. 2), which was lower than the 
limited value of typical heliophiles (50-lOOqmol.m" 2 ^' 1 ) (Ke et 
al. 2004). It is suggested that W. sinensis can have the shade 
tolerance to some extent. The leaves became light saturated 
about 800-1000 pmol-m ^s' 1 , but W. sinensis still maintained a 
high P n and WUE (Fig. 1 and Fig. 5) in a wider light range 
(about 1000-1600 pmol-m'^s' 1 ). 

WUE is not only the comprehensive index for confirming 
plant physiological function and adaptability to environment, but 
also the initial index ascertaining plant water supply on its de¬ 
velopment and growth (Xiong et al. 2005). When W. sinensis 
suffered from water shortage or waterlogging (VWC was over 
26.5% or below 15.3%), both Pn and Tr fell down to a low level 
under the high light intensity (Fig. 3), but WUE still kept a high 
level (Fig. 6). 

Based upon all the above discussions, W. sinensis had higher 
adaptive ability to water stress by regulating itself physiological 
function. 

References 

Cai Xi’an, Peng Shaolin, Zhao Ping, et al. 2005. Ecophysiological character¬ 
istics of three native species used in two forest reconstructing models. Chin. 
J. Ecol., 24(3): 243-250. (in Chinese) 

Cai Xi’an, Sun Guchou, Zhao Ping, et al. 2004. The effects of soil water 
content on photosynthesis in leaves of Kmeria septehtriohalis Seedlings. 
Journal of Tropical and Subtropical Botany, 12(3): 207-212. (in Chinese) 
Castell, C., Terradas, J.D. 1994. Water relations, gas exchange, and growth of 
resprouts and mature plant shoots of Arbutus unedo L.& Quercus iles L. 
Oecologia, 98: 201-211. 

Chen Jinping, Liu Zugui, Duan Aiwang, et al. 2004. Effects of soil moisture 
on physiological characteristics and the dynamic state of factors causing 
photosynthesis decline in potted tomato leaves in green house. Acta Bot. 
Boreal-occident Sin., 24(9): 1589-1593. (in Chinese) 

Farquhar, G.D., Sharkey, T.D. 1982. Stomatal conductance and photosynthesis. 

Annu. Rev. Plant Physiol., 33: 317-345. 

Honghton, J.T., Merro-Filho, L.G., Calleader, B.A., et al. 1996. Climate 
Change 1995: The Science of Climate Change. New York: Cambridge 
University Press, 1-584. 

Huang Chengli, Fu Songling, Liang Shuyun. et al. 2004. Relationships be¬ 
tween light and physiological characters of five climbing plants. Chin. J. 


Appl. Ecol., 15(7): 1131-1134. (in Chinese) 

Ke Shisheng, Jin Zexin, Li Junming. 2003. Photosynthetic diurnal variations 
and responses to light in leaves of Heptacodium micohioides seedlings. 
Guihaia, 23(2): 175-178. (in Chinese) 

Ke Shisheng, Jin Zexin, Lin Hengqin, et al. 2004. Photosynthetic ecophysi¬ 
ological characteristics of Lithocarpus harlandii in Tiantai Mountain. Chin. 
J. Ecol., 23(3): 1-5. (in Chinese) 

Kiefer, J.C., Wolfowitz, J. 1959. Optium design in regression problem. Ann. 
Math. Statist., 30: 271—294. 

Li Feng, Fu Youli. 2002. Analysis of chemical constituents of essential oil in 
Wisteria sinensis flowers by gas chromatography mass spectrometry. J. 
Qufu Norm. Univ. Nat. Sci., 28(2): 81-83. (in Chinese) 

Long, S.P., Baker, N.R., Raines, C.A. 1993. Analyzing the responses of pho¬ 
tosynthetic CO 2 assimilation to long-term elevation of atmospheric CO 2 
concentration. Vegetatio, 104/105: 33-45. 

Mediavilla, S., Escudero, A. 2004. Stomatal responses to drought of mature 
trees and seedlings of two co-occurring Mediterranean oaks. Forest Ecol. 
Manag., 187: 281-294. 

Mitton, J.B., Garant, M.C., Yoshino, A.M. 1998. Variation in allozymes and 
stomatal size in pinyou (Pinus edulis,Pinaceae), associated with soil mois¬ 
ture. Amer. J. Botany, 85: 1262-1265. 

Tuzet, A., Perrier, A., Leuning R. 2003. A coupled model of stomatal conduc¬ 
tance, photosynthesis and transpiration. Plant Cell Environ, 26: 1097-1116. 

Wang Yan, Ma Wuchang. 2004. Comparative studies on light utilization char¬ 
acteristics and shade tolerance of 7 climbing shrub specie. For. Res., 17(3): 
305-309. (in Chinese) 

Wu Jiang, Qi Hingjiang, Chen Junwei, et al. 2004. Cultivated technology and 
application on wild Wisteria sinensis Sweet. Chinese Wild Plant Resources, 
23(2): 62-63. (in Chinese) 

Xiong Wei, Wang Yanhui, Yu Pengtao. 2005. A review on the study of water 
use efficiency of tree species. Chin. J. Ecol., 24(4): 417-421. (in Chinese) 

Xu Daquan. 2001. Photosynthesis Efficiency[M]. Beijing: Science Press, 
13-15. (in Chinese) 

Xu Kai, Guo Yanping, Zhang Shanglong, et al. 2005. Response of strawberry 
leaves photosynthesis to strong light and its mechanism. Chin. J. Appl. 
Ecol., 16(1): 73-8. (in Chinese) 

Zeng Xiaoping, Zhao Ping, Peng Shaolin. 2000. Study on the water ecology 
of artificial Acacia mangium forest in the Heshan hill region. Acta Phy- 
toecol. Sin., 24(1): 69-73. (in Chinese) 

Zhang Guangcan, Liu Xia, He Kangning, et al. 2004. Responses of gas ex¬ 
change parameters of goldspur apple tree to soil water variation. Acta Phy- 
toecol. Sin., 28(1): 66—72. (in Chinese) 

Zhang Guangcan, Liu Xia, He Kangning. 2003. Grading of Robinia pseu¬ 
doacacia and Platycladus orientalis woodland soil's water availability and 
productivity in semi-arid region of Loess Plateau. Chin. J. Appl. Ecol., 
14(6): 858-862. (in Chinese) 

Zhang Guangcan, He Kangning, Liu Xia. 2001. Fitting soil moisture envi¬ 
ronment of trees growth on Loess Plateau in semiarid region. Journal of 
Soil and Water Conservation, 15(4): 1-6. 

Zhang Shouren, Gao Rongfu, Wang Lianjun. 2004. Response of oxygen evo¬ 
lution activity of photosystem II, photosynthetic pigments and chloroplast 
ultrastructure of hybrid poplar clones to light stress. Acta Phytoecol. Sin., 
28(2): 143-149. (in Chinese) 

Zou Qi, Li Dequan. 1998. Research on Physiology of Crop Cultivation[M]. 
Beijing: Agriculture Science and Technology Press, 276-277. (in Chinese) 




